In the lymph node, immunoreactivity was found in endothelial cells of lymph vessels and in endothelial and reticular cells of the sinuses. In the spleen, immunoreactivity was observed in endothelial cells of the trabecular artery, central artery, penicillar artery, sheathed artery, terminal capillary, trabecular vein and lymph vessel. In addition, the follicular dendritic cells in germinal centers both of the lymph node and spleen were stained with S-100 protein.
These findings suggest that S-100 protein of the vascular systems may be related to the flow of lymph and blood.
S-100 protein was first extracted from vertebrate brains and peripheral nerves and consists of dimer of a a , ai9 and /3i3 subunits (Moore, 1965; Calissano et al., 1969; Donato, 1986 ). S-100 protein was initially considered to be a unique Ca2+ -binding protein in astrocytes, oligodendrocytes and Schwann cells of the nervous system. However, immunohistochemical studies have recently demonstrated S-100 protein in many cell types of non-nervous tissues of various mammalian species. In lymphoid tissues, S-100 protein was restricted in non-lymphoid cells; the follicular dendritic cells (Iwanaga et al., 1982; Cocchia et al ., 1983; Haimoto et al., 1987; Suigmura et al., 1987) , interdigitating cells (Pelletier et al., 1986; Haimoto et al., 1987; Sugimura et al., 1987) and tingible body macrophages Sugimura et al., 1987) . However, species difference of S-100 immunoreactivity is confirmed in non-lymphoid cell types of animals examined. This is probably due to usage of anti-bovine serum in the immunostaining procedure ignoring the species. In fact, species difference of amino acid sequences and amount of two subunits of S-100 protein has been demonstrated (Manabe et al., 1982; Kuwano et al., 1984; Baudier et al., 1985; Jensen et al., 1985) . Therefore, the immunoreactivity of anti-bovine serum in lymphoid organs of the proper species must be examined. The present paper reports the distribution of S-100 immunoreactive cells in the bovine lymph node and spleen.
Materials and Methods
Hepatic and superficial inguinal lymph nodes and spleens were removed from cows (Holstein strain) in a local slaughterhouse and immediately fixed with 1007o formalin. Paraffin sections at 4pm in thickness were immunostained with S-100 antiserum by the peroxidaseantiperoxidase (PAP) and indirect methods . Sections were preincubated with 107o normal goat serum and then incubated with polyclonal bovine 5-100 rabbit antiserum (Dakopatts, 1:500) or monoclonal bovine 5-100 a and fi mouse antiserum (Japan Immunoresearch Laboratories, 1:100) overnight at 4°C . After rinsing in 0.01 M phosphate-buffered saline (PBS) , they were treated with rabbit IgG goat antiserum (Tago Inc ., 1:100) followed by incubation with PAP complex (Cappel Inc., 1:500) or peroxidase-labeled anti-mouse IgG (Tago Inc., 1:100), respectively , for 30 min at room temperature. Reaction product was visualized by 3 ,3'-diaminobenzidine (25 mg/100 ml) and 0 .003°7o H202 for 10 min. Some sections were slightly counterstained with hematoxylin. Control sections were incubated with non-immunized serum substituting for the primary antiserum or preabsorbed S-100 antiserum by excessive concentration (0.1 mg/ml) of bovine S-100 protein (Sigma) in advance.
Results
In the lymph node, S-100 immunoreactivity found in endothelial cells of the afferent lymph vessel, marginal sinus, intermediate sinus, medullary sinus and efferent lymph vessel (Figs. 1, 2, 4, 5). These cells reacted with a monoclonal antibody (Fig. 3) . Endothelial cells lining cortical surface on the marginal sinus showed less immunostaining than those of the capsular side (Fig. 1) . Reticular cells bridging the sinus (Figs. 1, 2, 4) and the follicular dendritic cells in germinal centers (Fig. 6 ) were also stained with S-100 protein. Endothelial cells of arteries and lymph vessels in the trabeculae showed S-100 protein, but not in the vein. Endothelial cells of arteries and capillaries in medullary cords were positive for S-100 protein. Some macrophages in the sinus were immunoreactive.
In the spleen, the immunostaining was observed in endothelial cells of the trabecular artery, central artery, penicillar artery, sheathed artery, terminal capillary and trabecular vein (Figs. 7, 8, 9, 10). They were stained with A monoclonal antibody. Endothelial cells of venous sinuses and pulp veins were negative. Endothelial cells of lymph vessels in the trabeculae (Fig. 7) and the follicular dendritic cells in germinal centers (Fig.  8) also showed S-100 protein.
Discussion
The present study elucidated the distribution of S-100 protein immunoreactive cells of the bovine lymph node and spleen using anti-bovine S-100 protein serum. This evidence indicates typical presence of S-100 protein in the immune system, since the species difference of the antigenicity is apparently ruled out. Several studies have revealed S-100 immunoreactive cell types in the lymph node and spleen of some species: the follicular dendritic cells, interdigitating cells or macrophages (Iwanaga et al., 1982; Vanstapel et al., 1986; Haimoto et al., 1987; Sugimura et al., 1987) . In these studies, cell population of S-100 immunoreactivity tends to predominate in the germinal center and paracortical area. However, the present study showed another major population of S-100 positive cells in the vascular system of the lymph node and spleen.
Immunohistochemical demonstration of S-100 protein has been made in endothelial cells of arteries, capillaries or lymph nodes in human (Vanstapel et al., 1986; Haimoto et al., 1987) , cattle (Iwanaga et al., 1987; Kamiya et al., 1989 ) and pig (Iwanaga et al., 1987) . However, the description of distribution of S-100 positive endothelial cells in various organs is fragmentary. The present study demonstrated that endothelial cells and reticular cells along the lymph flow from the afferent lymph vessels to of ferent lymph vessels were S-100 immunoreactive. Localization of a subunit in these cells is in partial agreement with the study of Haimoto et al. (1987) . In spleen, the present study also revealed the immunoreactivity of S-100 protein in endothelial cells of the trabecular artery, central artery, penicillar artery, sheathed artery, terminal capillary and trabecular vein. They were stained for /9 subunit in the monoclonal staining. It is consistent with the study of Iwanaga et al. (1987) . These findings suggest that endothelial cells of the blood and lymph vascular systems share different subunits of 5-100 protein. Iwanaga et al. (1987) reported no immunoreactivity of S-100 protein in endothelial cells of veins in the tongue, stomach, small intestine, liver, pancreas, kidney and lymph node of the cattle and pig, but the spleen had not been examined in their study. In the spleen of the present study, endothelial cells reacted with S-100 protein in the trabecular vein, but not in the venous sinus or the pulp vein. This might be dependent on regional differences in the blood flow.
The function of 5-100 protein both in the vascular and immune systems remains to be established. Simonian et al. (1989) found that the bovine S-100 protein stimulates ATPase activity. On the other hand, it is not reasonable to consider a same role of S-100 protein in endothelial cells and follicular dendritic cells only from an evidence of immunostaining. Iwanaga et al. (1987) speculated that S-100 protein of endothelial cells plays a role in transcytosis of fatty acid from the blood. In the lymph node, the continuity of S-100 positive endothelial cells of lymph vessels would serve to prevent perfusion of foreign bodies from lymph to perivascular space and to drain lymph into the follicles where follicular dendritic cells act as antigen presenting cells. This is also thought to be case for endothelial cells of the spleen. 
